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(54) Method and device for destroying reaction gases by incineration 



(57) The invention relates to the field of destruction 
of reaction gases by incineration. 

The device according to the invention comprises: a 
combustion unit (32-35) supplied with reaction gas and 
fuel and in which the combustion of the gaseous mixture 
is carried out in the presence of oxygen; an electrolysis 



unit (1-5; 7-9; 30) designed to supply the principal fuel 
needed for the combustion of the gaseous mixture; 
means (37-40) designed to isolate the combustion unit 
(32-35) from the principal fuel supply source (1-5; 7-9; 
30). 

Application to the destruction of VOCs and VOXs. 
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Description 

The present invention concerns a method and a de- 
vice for destroying reaction gases. The invention applies 
notably to the destruction of gases such as the volatile s 
organic compounds (VOCs) and halogenated organic 
compounds (VOXs) produced by the electrc-oxidation 
of photographic developers in an electrolysis cell. The 
invention can also be applied to any undesirable reac- 
tion gas. By way of example, organic solvents in gas 10 
form might be cited. 

Patent application FR 95/02729 filed on 3 March 
1995 in the name of the applicant describes a method 
and a device for treating by electrolysis solutions con- 
taining one or more used photographic developers so is 
as to degrade and eliminate the components with a high 
chemical oxygen demand (COD). 

Figure 1 , to which reference is now made, illustrates 
a device such as the one used in the treatment by elec- 
trolysis described in the patent application referred to 20 
above. The solution of developers which forms the elec- 
trolyte circulates in a closed loop in the installation. The 
electrolyte initially present in its totality in the expansion 
tank (4) is sent into the cooling coil (3) by means of the 
peristaltic pump (2). It then passes into the electrolysis 25 
cell (1 ), to emerge and be found in part in the expansion 
tank (4). The electrolysis cell is a closed, non-compart- 
mentalized cell, preferably compact, comprising one or 
more platinum anodes and one or more titanium or 
stainless-steel cathodes, separated by an insulating 30 
joint. The anodes are SHOWA anodes consisting of ti- 
tanium covered in pure platinum, which are in the form 
of metal plates or expanded-metal plates if the electro- 
lyte circulation is parallel to the electrodes, and in the 
form of one expanded-metal plate if the electrolyte cir- 3S 
culation is perpendicular to the electrodes. 

The expansion tank is provided with a calibrated or- 
ifice which enables a pressure close to atmospheric 
pressure to be maintained. This tank serves to cushion 
variations in the volume of the solution and to reduce *o 
the pressure of the gases produced during treatment 
(hydrogen, oxygen, carbon dioxide, volatile organic 
compounds (VOCs) and volatile halogenated organic 
compounds (VOXs)) to a pressure close to atmospheric 
pressure, and is used for the continuous addition of re- 45 
agents. A device (5) enables the temperature in the ex- 
pansion tank and coil (3) to be measured and regulated. 

A pH regulation loop is composed of a pH measure- 
ment device (7) inserted between the electrolysis cell 
(1 ) and the expansion tank (4), and a regulator (8) which so 
measures the divergence from the reference value and 
triggers the pumps, sending an acid (9) or base (9') so- 
lution to keep the pH constant. 

A peristaltic pump (not shown) enables the anti- 
foaming agent to be introduced into the cell at the outset 55 
of electrolysis or as soon as the presence of foam is de- 
tected 

The use of the electro-oxidation device described 



in the application referred to above presents two major 
problems. The first is related to the treatment of the hy- 
drogen produced by the reaction, which, mixed with air 
in a proportion of between 4 and 75% by volume, is ex- 
plosive and may cause, in addition to major damage to 
equipment, physical injury. Such a problem entails min- 
imizing the quantities of gases produced, keeping them 
at low pressure and low temperature, and discharging 
the excess gases following their dilution in air or in ni- 
trogen so that the hydrogen concentration is below the 
limits presenting a danger of explosion, that is to say 
bebw 4%. To this end, equipment and operating proce- 
dures are used in which the level of safety substantially 
increases the cost of the operation. Thus, in the device 
in Figure 1 , an air inlet (10) enables gases which present 
a risk of explosion (hydrogen and oxygen) to be diluted 
before they are discharged into the atmosphere. 

The second problem lies in the generation of toxic 
gases such as VOCs and VOXs. According to the ap- 
proach described in this application, the use of a device 
(6) for trapping the VOCs and VOXs is suggested, such 
as a cartridge containing an adsorbent substance, for 
example activated carbon. These gases can also be ex- 
posed to ultraviolet radiation (EP-A-0 360 941 ), oxidized 
catalytically or washed over sulphuric acid. 

Numerous combustion techniques have already 
been used to destroy such reaction gases, in particular 
with VOCs and VOXs. 

According to a first approach, as described in the 
patent DE-A-3 729 113, the VOCs and VOXs are de- 
stroyed by catalytic incineration. The main problem with 
this technique, apart from the risk of the catalytjc reac- 
tion running away if the correct gas concentrations for 
the catalytic mass are not maintained, lies in the fact 
that, for a large quantity of gases to be destroyed, it ne- 
cessitates a large quantity of catalyst. Generally, it is 
used solely to destroy traces. Moreover, catalysts are 
specific to specific substances to be destroyed, which 
can entail the use of several catalysts when there is a 
mixture of different substances. Furthermore, another 
drawback is the poisoning of the catalysts, either by sub- 
stances coming from the oxidation reaction or by sub- 
stances which do not oxidize but which poison the cat- 
alyst. By way of example, the halogenated compounds 
produced by electro-oxidation of photographic develop- 
ers are reactbn inhibitors for catalysts with a nobie met- 
al base, such as platinum. 

According to another approach, described for ex- 
ample in the patent US-A-5 295 448 and EP-A-490 283, 
thermal combustion is carried out using external fuels 
such as natural gas, propane, butane, etc. The problem 
with this approach lies in the fact that it requires large 
quantities of such fuels to be stored, which is very on- 
erous from the point of view of safety and space. 

According to yet another approach, the VOCs and 
VOXs are destroyed by corona effect. This approach 
calls for large quantities of electrical energy. 

The patent EP-A-525 974 describes a method of 
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catalytic destruction at medium temperature (400*C) 
consisting of passing the gaseous mixture over a cata- 
lyst on which adsorption occurs in the presence of oxy- 
gen, and subjecting the reactor to a temperature of 
around 400°C in order to produce either oxidation or hy- 
drolysis. The main problem with this solution relates to 
the fact that it could not be applied to a gaseous mixture 
containing hydrogen such as that produced by electro- 
oxidation of photographic developers, other than by re- 
ducing the hydrogen concentration to below 4%. 

Thus one of the objects of the present invention is 
to provide a method and device for destroying reaction 
gases by combustion, which do not have the drawbacks 
referred to above with reference to the known tech- 
niques. 

Another object of the present invention is to enable 
a mixture of gases to be destroyed by using as the prin- 
cipal fuel hydrogen generated by the reaction producing 
the gases to be destroyed, and this in complete safety. 

Other objects will emerge in detail in the description 
which follows. 

These objects are attained by means of a method 
for destroying by combustion a reaction gas or a mixture 
of reaction gases in which hydrogen is used as the prin- 
cipal fuel in the presence of oxygen, and in which the 
principal fuel is generated in situ by an electrolysis re- 
action. 

By way of example, the electrolysis reaction con- 
sists of an electro-oxidation reaction in a solution com- 
prising one or more used photographic developers, the 
mixture of reaction gases including volatile organic com- 
pounds and halogenated organic compounds produced 
by the said electro-oxidation reaction. 

The invention also concerns a device for destroying 
by combustion a reaction gas or a mixture of reaction 
gases, comprising: 

a) a combustion unit supplied with reaction gas and 
fuel and in which the combustion of the gaseous 
mixture is carried out in the presence of oxygen; 

b) supply means designed to supply the combustion 
unit with reaction gases and with principal fuel re- 
quired for the combustion of the gaseous mixture; 

c) means designed to isolate the combustion unit 
from the supply means, the said device being char- 
acterised in that the principal fuel is hydrogen and 
in that the supply means comprise an electrolysis 
unit generating the principal fuel. 

Advantageously, the electrolysis unit is a cell for the 
electro-oxidation of solutions containing one or more 
photographic developers so as to degrade and eliminate 
the compounds with a high chemical oxygen demand, 
the mixture of reaction gases containing VOCs and 
VOXs. 

Also advantageously, the device according to the 
invention comprises: 



a) an electro-oxidation unit generating principally 
oxygen, hydrogen, VOCs and VOXs; 

b) a reservoir designed to contain the gaseous mix- 
ture generated by the said electro-oxidation unit; 

5 c) a combustion unit comprising principally a burner 
and means for initiating the combustion of the gas- 
eous mixture coming from the said reservoir; 

d) a plurality of non-return hydraulic devices dis- 
posed in series between the reservoir and the com- 

10 bustion unit so as to isolate the combustion unit 
from the said reservoir; and 

e) means preventing any return of water contained 
in the hydraulic devices to the reservoir (30). 

is The combust ion unit preferably has an air or oxygen 
inlet connected to the burner and whose flow can be var- 
ied in order, selectively, to provide a supplementary ox- 
ygen supply required for combustion, or to stop the com- 
bustion. 

20 According to another characteristic of the device ac- 
cording to the invention, the combustion unit also com- 
prises a platinum coil disposed in the vicin ity of the burn- 
er and designed to maintain and complete the combus- 
tion. 

25 in the description which follows, reference will be 
made to the drawing in which: 

Figure 1 depicts an electrolysis cell generating si- 
multaneously the reaction gases to be destroyed 
30 and the principal fuel required for their destruction; 
Figure 2 depicts an advantageous embodiment of 
the device according to the present invention. 

The invention is based on the observation that it is 
35 particularly advantageous to produce the fuel required 
for the combustion of the gases to be destroyed directly 
on the site where the destruction takes place. Such a 
concept covers principally three types of situation: 

40 . A first situation in which the reaction gases to be 
destroyed and the principal fuel required to destroy 
them are generated by a single electrolysis reaction 
(an electro-oxidation reaction in photographic de- 
velopers, for example). 

45 . A second situation in which the reaction gases are 
generated independently of any production of hy- 
drogen. In such case, an electrolysis cell is used as 
an external source for producing in situ the hydro- 
gen required for combustion. 

so . A third situation in which the hydrogen is generated 
at the same time as the reaction gases, but in a 
quantity that is insufficient for ensuring the combus- 
tion of all the gases to be destroyed. In such case, 
an external electrolysis cell is also used to supple- 

55 rrtent the device producing the reaction gases. 

For the last two situations, an external electrolysis 
cell is used which comprises in its most simple form a 
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cathode, and an anode in a support electrolyte such as 
nitric or sulphuric acid or sodium sulphate. 

The part which follows, with reference to Figure 2, 
describes in detail a preferred embodiment in which the 
mixture of gases to be destroyed consists of a mixture s 
of VOCs and VOXs generated by electro-oxidation of 
photographic developers in an electrolysis cell in ac- 
cordance with that described with reference to Figure 1 . 
As mentioned with reference to the latter figure, the gas- 
eous mixture (principally VOCs. VOXs, hydrogen and w 
oxygen) produced by the electro-oxidation reaction ac- 
cumulates In an expansion reservoir 30, at the top of 
which a valve is preferably provided for the escape of 
the gases when the pressure inside the reservoir reach- 
es a given value so as to compensate for any pressure 15 
drops in the supply circuit of the combustion unit, a pres- 
sure detector 31 being provided in order to measure the 
pressure at the output from the reservoir 30. Typically, 
this pressure is around 100 mbar. 

The gaseous mixture is channelled to the combus- 20 
tion unit, comprising principally a burner 32 formed typ- 
ically by a burner nozzle whose diameter is chosen ac- 
cording to the flow of gaseous mixture so as to ensure 
a sufficient speed of gas flow into the burner. For exam- 
ple, for electrolysis carried out with a current of 34 A, a 2s 
burner is used whose diameter is around 0.5 mm, which 
permits a gaseous mixture speed of between 20 and 30 
m/s. The speed of the gas flow must be greater than the 
speed of movement of the flame in the burner so as to 
prevent flash-back to the reservoir 30. Typically, for a 30 
gaseous mixture comprising 29.5% hydrogen and 
70.5% air, the speed of the flame at ambient pressure 
(having travelled 10 cm) is around 19 m/s. This differ- 
ence in speed is sufficient for preventing any flash-back 
of the flame to the expansion reservoir Furthermore, the 35 
initial temperature of the gaseous mixture coming from 
the reservoir 30 is sufficiently low (generally below 
50°C), which, for many organic gases and compounds, 
is significantly lower than the auto-ignition temperature 
(typically above 250°C). 40 

At the burneroutlet, means 33 are disposed (an au- 
tomatic-ignition torch, for example) for initiating the com- 
bustion of the mixture. The VOCs and VOXs are then 
transformed by thermal combustion into acids of low 
molecular weight (HCI, HBr, HI, etc), and into carbon di- & 
oxide, sulphur dioxide and nitrogen. No other additional 
treatment (except, optionally, an alkaline trap for neu- 
tralizing acidic discharges and other by-products) is re- 
quired at the outlet from the combustion unit. 

Furthermore, and according to a preferred embod- so 
iment of the device according to the present invention, 
a platinum filament 34 (in the form of a coil) is disposed 
at the outlet of the burner 32. The platinum filament has 
a number of functions. Firstly, it enables the flame to be 
re-ignited if it is extinguished following a disturbance (by 55 
an air current, for example) in the environment of the 
burner 32. Furthermore, because of its colour during 
combustion (substantially red), it provides an operator 



with a signal that combustion has indeed taken place, 
which, for certain flame colours (blue, notably), could be 
difficult to see otherwise. Also advantageously, the two 
ends of the platinum filament 34 are connected to 
means 35 for measuring the resistance in the coil 34, 
the said measured resistance being representative of 
the combustion temperature. The combustion tempera- 
ture is an important parameter for the process since, at 
certain temperatures, the combustion of the VOCs and 
VOXs can generate undesirable substances. Thus the 
combustion temperature is preferably between 500 and 
1 300°C, so that the formation of nitrogen oxide is avoid- 
ed. 

The combustion temperature can be adjusted in dif- 
ferent ways. According to one embodiment, an air or ox- 
ygen input 36 with variable flow is used. This air or ox- 
ygen supply enables the temperature of the gaseous 
mixture to be cooled down and its hydrogen level re- 
duced, thereby lowering the combustion temperature. 
The reaction can thus be halted by cooling the mixture 
sufficiently. This input also enables all or part of the 
quantity of oxygen required for combustion to be sup- 
plied, when the gaseous mixture contained in the reser- 
voir 30 does not contain any oxygen, or at least not in 
sufficient quantities. 

Preferably, the safety of the system is further in- 
creased by inserting a certain number of safety devices 
in the supply circuit of the combustion unit. 

Thus, at the inlet to the combustion unit, there is 
disposed a flame arrester 37. These devices are well 
known, and include, for example, a device of the hon- 
eycomb type designed to prevent the propagation of a 
flame coming from the burner. Other cooling systems 
can be envisaged. By way of example, a cooling circuit 
in the form of a coil immersed in a cooling liquid is used. 
These devices are well known and consequently require 
no additional description. 

A plurality of non-return devices 38, 39, 40 disposed 
in series between the reservoir 30 and the burner 32 can 
also be used. According to the embodiment illustrated 
in Figure 2, two hydraulic non-return devices 39, 40, de- 
signed to isolate the reservoir 30 from the combustion 
unit, are used. 

Advantageously, the device 40 has a safety valve 
of the bursting disk type, enabling physical damage to 
be minimized in the event of an abnormal increase in 
volume or pressure, caused either by excess pressure 
in the reservoir, should there be a fault in the electro- 
oxidation device, or by an ignition of the gaseous mix- 
ture between the burner and the non-return device 40, 
if the flame arrester and electro-oxidation device should 
fail. 

Also advantageously, there is, upstream of the non- 
return hydraulic devices 39, 40, another non-return de- 
vice 38 disposed so as to prevent any return of water 
(coming from the hydraulic devices 39, 40) into the res- 
ervoir 30 should there be a pressure drop inside the res- 
ervoir 30 while the electro-destruction device is idle or 
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when the temperature in the reactor shifts from an op- 
erating temperature (typically 40 to 50°C) to ambient 
temperature. 

The invention that has been described is particular- 
ly advantageous in that it provides a simple, risk-free 
solution to the problem of destroying undesirable reac- 
tion gases such as VOCs and VOXs. Furthermore, it en- 
ables the risk associated with the destruction of hydro- 
gen generated by reactions such as electro-oxidation 
reactions to be reduced to the maximum possible ex- 
tent. 

The present invention has been described with ref- 
erence to preferred embodiments. It is evident that var- 
iations can be made thereto without departing from the 
spirit of the invention as claimed hereinafter. 



Claims 

1. Method for the destruction by combustion of a re- 
action gas or a mixture of reaction gases, in which 
hydrogen is used as the principal fuel in the pres- 
ence of oxygen, characterised in that the said prin- 
cipal fuel is generated in situ by an electrolysis re- 
act bn (1-5; 7-9). 

2. Method according to Claim 1 , characterised in that 
the electrolysis reaction (1-5; 7-9) consists of an 
electro-oxidation reaction of a photographic solu- 
tion comprising one or more used developers, the 
mixture of reaction gases including volatile organic 
compounds and halogenated organic compounds 
produced by the said electro-oxidation reaction. 

3. Device for destroying by combustion a reaction gas 
or a mixture of reaction gases, comprising: 

a) a combustion unit (32-35) supplied with re- 
action gas and fuel and in which the combustion 
of the gaseous mixture is carried out in the pres- 
ence of oxygen; 

b) means (1-5; 7-9; 30) designed to supply the 
combustion unit with reaction gases and with 
principal fuel required for the combustion of the 
gaseous mixture; 

c) means (37-40) designed to isolate the com- 
bustion unit (32-35) from the supply means 
(1-5; 7-9; 30); 

the said device being characterised in 
that the principal fuel is hydrogen and in that 
the supply means comprise an electrolysis unit 
(1-5; 7-9) generating the principal fuel. 

4. Device according to Claim 3, characterised in that 
the reaction gases are also generated by the elec- 
trolysis unit (1-5; 7-9). 

5. Device according to Claim 4, characterised in that 



the electrolysis unit (1 -5; 7-9) is a ceil for the electro- 
oxidation of solutions containing one or more pho- 
tographic developers so as to degrade and elimi- 
nate the compounds with a high chemical oxygen 
5 demand, the mixture of reaction gases containing 
VOCs and VOXs. 

6. Device according to Claim 5, characterised in that 
it comprises: 

10 

a) an electro-oxidation unit (1-5; 7-9) generat- 
ing principally oxygen, hydrogen, VOCs and 
VOXs; 

b) an expansion reservoir (30) designed to con- 
is tain the gaseous mixture generated by the said 

electro-oxidation unit; 

c) a combustion unit (32-35) comprising princi- 
pally a burner (32) and means (33) for initiating 
the combustion of the gaseous mixture; 

20 d) a plurality of non-return hydraulic devices 

(39, 40) disposed in series between the reser- 
voir (30) and the combustion unit (32-35) so as 
to isolate the combustion unit from the said res- 
ervoir; and 

2S e) means (38) situated between the hydraulic 

non-return devices and the expansion reservoir 
so as to prevent any return of water present in 
the said hydraulic devices to the reservoir. 

30 7. Device according to Claim 6, characterised in that 
it also comprises a flame arrester (37) disposed at 
the inlet to the combustion unit. 

8. Device according to Claim 7, characterised in that 
3S it also comprises means (41) disposed on the hy- 
draulic non-return device (40) for limiting the effects 
related to excess pressure or expansion of the vol- 
ume of gas upstream of the combustion unit. 

40 9. Device according to any one of Claims 3 to 8, char- 
acterised in that the combustion unit also comprises 
a platinum coil (34) disposed in the vicinity of the 
burner (32) and designed to maintain and complete 
the combustion. 

45 

10. Device according to Claim 9, in which the two ends 
of the coil are connected to means (35) for meas- 
uring the resistance in the coil (34), the said resist- 
ance being representative of the combustion tem- 

so perature of the gaseous mixture. 

1 1 . Device according to any one of C laims 8 to 1 0, char- 
acterised in that the combustion unit comprises an 
air or oxygen inlet (36) connected to the burner, and 

55 whose flow can be varied in order, selectively, to 
provide a supplementary oxygen supply required 
for combustion, or to stop the combustion. 
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